Gravid or subgravid females of the following three species belonging to the nematode genus Philometra were collected from marine perciform fishes of the Bonifacio Strait Marine Reserve, Corsica, France: Philometra justinei sp. nov. (prevalence 1.5%, intensity 11) and Philometra sp. (prevalence 3%, intensity 2) from the abdominal cavity and gonads, respectively, of the striped red mullet Mullus surmuletus (Mullidae), and Philometra serranellicabrillae Janiszewska, 1949 (prevalence 27%, intensity 2-6) from the gonads of the comber Serranus cabrilla (Serranidae). The newly described species, P. justinei, is mainly characterized by the absence of an anterior bulbous inflation of the oesophagus, body length of the gravid female (196 mm), conspicuously large amphids, number and distribution of cephalic papillae, and the morphology of larvae. It is the second known species of Philometra parasitizing fishes of the family Mullidae and the ninth species of this genus reported from marine fishes of the Mediterranean region. P. serranellicabrillae, studied for the first time by SEM, is redescribed.
Introduction
Recent parasitological examinations of some marine fishes off Corsica, carried out by the research team of the ichthyoparasitological laboratory of the University of Corsica in Corte in [2000] [2001] [2002] , revealed the presence of philometrid nematodes in two species of perciform fishes, the striped red mullet Mullus surmuletus Linnaeus, 1758 and the comber Serranus cabrilla (Linnaeus, 1758), representing two different fish families (Mullidae and Serranidae, respectively). Both these fish species, the maximum body length of which is 40 cm, are distributed in the Eastern Atlantic including the Mediterranean and the Black Sea; both serve as gamefish and M. surmuletus is also of certain commercial importance (Froese and Pauly 2006) .
Because of difficulties in studying philometrid nematodes associated with their morphological and biological peculiarities, the majority of these nematodes remain poorly known and their identification is usually difficult and problematic (Rasheed 1963 , Moravec 2004 . On the other hand, some of these parasites are highly pathogenic and may be agents of serious diseases of fish with economic importance. A total of eight species of Philometra Costa, 1845 have so far been reported from marine fishes of the Mediterranean (including the Adriatic, Aegean, Ionian, Ligurian and Tyrrhenian Seas and the Sea of Crete): Philometra filiformis (Stossich, 1896) , P. fusca (Rudolphi, 1819) , P. globiceps (Rudolphi, 1819) , P. lateolabracis (Yamaguti, 1935) , P. saltatrix Ramachandran, 1973 , P. scomberesocis Nikolaeva et Naidenova, 1964 , P. serranellicabrillae Janiszewska, 1949 and P. tauridica Ivashkin, Kovaleva et Khromova, 1971 (see, e.g., Rudolphi 1819 Stossich 1896; Janiszewska 1949; Nikolaeva and Naidenova 1964; Orecchia and Paggi 1978; Radujkoviae 1986, 1989; Moravec et al. 2003; Moravec and Genc 2004) . Most of them are little known and four of them are known by their females only.
A closer study (including SEM) of the morphology of nematodes of the present material has shown that they are females belonging to three species of the genus Philometra, of which one proved to be new to science, one is a little known, Skóra Stefañski DOI: 10.2478/s11686-006-0017-5inadequately described species, and the species appurtenance of the third one could not be determined due to a poor condition of the available specimens. The results of this study are presented herein.
Materials and methods
Nematodes were dissected out from the body of fish specimens and, after being washed in physiological saline, they were fixed and stored in a 70% ethanol, 10% formaldehyde or glutaraldehyde solution. For light microscopy (LM), specimens were cleared with glycerine. Drawings were made with the aid of a Zeiss drawing attachment. Specimens used for scanning electron microscopy (SEM) were transferred to 4% formalin and then postfixed in 1% osmium tetroxide, dehydrated through a graded ethanol series, critical point dried and sputter-coated with gold; they were examined using a JSM-6300 scanning electron microscope at an accelerating voltage of 15 kV. All measurements are in micrometres unless otherwise stated. The names of fishes follow FishBase (Froese and Pauly 2006).
Results

Philometra justinei sp. nov. (Figs 1 and 2)
Description of gravid female [1 undamaged (holotype) and 1 damaged (paratype) specimen and body fragments of 6 additional specimens (paratypes); measurements of holotype in parentheses]: Body robust, cylindrical, dark-brown, non-transparent, with distinct broad, almost black intestine displaced by uterus to body wall; anterior part of body somewhat broader than posterior part. Length of holotype (196.00 mm) (that of specimen with damaged body wall 82.96 mm), maximum width 1.02-1.70 (1.70) mm. Width/length ratio of holotype (1:59). Cuticle appears to be smooth under LM, but is finely transversely striated as visible by SEM ( Fig. 2A, D) . Two distinct broad lateral fields extend along body. Cephalic end rounded. Cephalic papillae small, indistinct in lateral view. Oral aperture oval ( Fig. 2A) , surrounded by four submedian pairs of very small outer cephalic papillae ( Fig. 2A, B, D) ; papillae of inner circle indistinct, but may be present. Margin of mouth sometimes lobular (Fig. 2C ). Amphids situated on two large lateral elevated lobes present ( Fig. 2A, C Three species of Philometra from marine fishes of mouth, papillae and amphids separated from rest of body by deep circular cuticular groove ( Fig. 2A-D) . Bottom of mouth formed by flat surfaces of three oesophageal sectors. Oesophagus 0.83-1.27 (1.27) mm long, with maximum width including oesophageal gland 177-218 (218), without bulbous inflation at anterior end; width of oesophagus at anterior end 136 (136). Dorsal oesophageal gland well developed, with large cell nucleus at its middle, opening slightly posterior to level of nerve ring. Ventriculus poorly developed. Nerve ring encircling oesophagus 258-367 (367) from anterior extremity. Oesophagus opening into intestine through distinct valve; posterior end of oesophagus may be submerged into anterior end of intestine (Fig. 1C) . Intestine markedly wide at its anterior end; posterior end of intestine narrowed, blind, attached ventrally by short ligament to body wall near posterior extremity. Vulva and vagina absent. Ovaries reflected, situated near ends of body. Uterus occupying most space of body, being filled with numerous first-stage larvae, developing embryos and eggs; uterus extends anteriorly to region of oesophagus sometimes nearly up to anterior extremity), posteriorly almost to body end. Larvae from uterus slender, 510-533 long, maximum width 15, with sharply pointed tail measuring 105-141 (21-27% of body length); length of oesophagus 105-141 (29-31% of body length); intestine with brownish granulation. Posterior end of body rounded, without caudal projections.
Type host: Striped red mullet, Mullus surmuletus Linnaeus (Mullidae, Perciformes) (body length 28 cm).
Site Etymology: This species is named in honour of Prof. JeanLou Justine, a well known French helminthologist, who has contributed greatly to the knowledge of many groups of helminth parasites.
Comments: Gravid females of most species of Philometra have the anterior end of the oesophagus swollen to form a bulbous inflation (Ivashkin et al. 1971 , Moravec 2006 . The only species without such an anterior oesophageal inflation are Philometra filiformis (Stossich, 1896) (as redescribed by Moravec and Genc 2004), a parasite of gonads of the common pandora Pagellus erythrinus (L.) (Sparidae, Perciformes) in the Adriatic Sea and North-East Mediterranean, and P. cheilopogoni Mordvinova, 1986 parasitic in the abdominal cavity of the margined flyingfish Cheilopogon cyanopterus (Valenciennes) (Exocoetidae, Beloniformes) in the tropical zone of the Atlantic Ocean (Stossich 1896 , Mordvinova 1986 , Moravec and Genc 2004 . Unfortunately, males remain unknown for P. justinei sp. nov., P. filiformis and P. cheilopogoni. Philometra filiformis was poorly described (not illustrated) by Stossich (1896) from nongravid females collected in the ovaries of Pagellus erythrinus and Trachinus draco L. (Trachinidae) from the Adriatic Sea (Triest, Italy). Later it was redescribed by Moravec and Genc (2004) from body fragments of a gravid female from the ovary of the type host species, P. erythrinus, off the north-eastern coast of the Mediterranean Sea (Iskenderun Bay), Turkey. The gravid female of P. filiformis differs from that of P. justinei in that its body (after fixation) is whitish, with distinct dark-brown intestine (vs dark-brown body), somewhat longer (223 mm vs 196 mm) but, on the contrary, the length of the oesophagus is somewhat shorter (0.98 mm vs 1.27 mm). The phasmids of P. filiformis are not situated on conspicuously elevated lobes as in P. justinei ( Fig. 2A, C) . Larvae of P. filiformis from the uterus are characterized by the presence of conspicuously large, black corpuscles in the intestine, which are lacking in larvae of P. justinei. Moreover, both species differ in the location of gravid females in the host (gonads vs abdominal cavity), which is characteristic of each individual species of Philometra and can be used as a taxonomic feature (Moravec 2004) .
Philometra cheilopogoni has the same location of gravid females in the host (abdominal cavity) as P. justinei, but its gravid female is distinctly longer (259-275 mm vs 196 mm) and the oesophagus is somewhat shorter (0.91-0.94 mm vs 1.27 mm). The number of cephalic papillae in P. cheilopogoni is higher (16) and their distribution is different than that in P. justinei; however, it is necessary to remark that the cephalic end of this species was not studied by SEM, so that the data in this respect published by Mordvinova (1986) need not be quite correct. Cephalic papillae of most philometrids are difficult to observe under the light microscope and the only reliable method to establish their number and distribution is SEM (Moravec 2004) . Hosts of these two nematode species belong to different fish orders (Beloniformes vs Perciformes) and were collected in different geographical regions (tropical zone of the West Atlantic Ocean vs the Mediterranean Sea).
Philometra justinei is the second known species of this genus reported from fishes of the perciform family Mullidae. The only other species is P. lateolabracis (Yamaguti, 1935) , recorded from the ovary of the Indian goatfish Parupeneus indicus (Shaw) from the Indian Ocean off Somalia (Moravec et al. 1988) .
Philometra serranellicabrillae Janiszewska, 1949 (Figs 3 and 4)
Description of gravid female (6 specimens): Body of fixed specimens yellowish to brown, filiform, 39.89-57.30 mm long, maximum width 544-802; posterior part of body narrower than anterior part. Cuticle smooth. Width/length ratio of body 1:65-87. Anterior end of body rounded. Cephalic papillae indistinct in lateral view. Oral aperture large, oval to almost circular (Fig. 4A, C) , surrounded by four submedian pairs of small cephalic papillae of outer circle and six (4 submedian and 2 lateral) single papillae of inner circle (Fig. 2A) ; each external pair formed by one somewhat larger, almost rounded papilla and one smaller, more elongate papilla (Fig.  4F) . Amphids situated on slightly elevated lateral protuberances (Fig. 4A, D) . Bottom of mouth formed by flat surfaces of three oesophageal sectors. Oesophagus narrow, swollen near mouth to form distinct bulb 90-120 long and 96-144 wide, not separated from posterior cylindrical part of oesophagus. Overall length of oesophagus 1.09-1.36 mm, representing 2-3% of body length; maximum width of its cylindrical part 82-122. Dorsal oesophageal gland prominent, extending anteriorly to level of nerve ring and posteriorly to small ventriculus; gland provided with large cell nucleus located in about its middle, 653-843 from anterior extremity. Nerve ring 231-272 from anterior end of body. Ventriculus 18-30 long and 42-84 wide. Oesophagus opens into intestine through distinct valve. Intestine straight, light-brown, ending blindly; its posterior end atrophied, forming ligament attached ventrally to body wall near posterior extremity. Posterior end of body rounded, without distinct caudal projections. Vulva and vagina absent. Two ovaries rather short, reflected, situated near anterior and posterior ends of body. Uterus occupies most of body and is filled with first-stage larvae, developing embryos and eggs. Larvae from uterus 405-495 long, maximum width 15-18, with sharply pointed tail 66-105 long (14-24% of body length); length of oesophagus 114-168 (28-39% of body length); intestine with light-brown granulation.
Host: Comber, Serranus cabrilla (Linnaeus) (Serranidae, Perciformes) (body length 17-20 cm).
Site of infection: Gonads. Locality: Bonifacio Strait Marine Reserve, near Pianottoli, off Corsica, France (August and September 2002).
Prevalence and intensity: 27% (3 fish infected/11 fish examined); 3-6 specimens per fish.
Deposition of voucher specimens: Muséum National d'Histoire Naturelle, Paris (cat. no. 296 HG) Comments: At present, 14 nominal species of Philometra parasitizing gonads of marine fishes are recognized as valid (Moravec and Genc 2004) . By the morphology and measurements, specimens of the present material correspond, more or less, to P. serranellicabrillae Janiszewska, 1949 (see also the key in Moravec and Genc 2004), a species described from gravid females found in the ovaries of Serranus cabrilla (reported as Seranellus cabrilla) from the Adriatic Sea near Split, present Croatia (Janiszewska 1949) . The only difference is the size of larvae from the uterus; according to Janiszewska (1949) , the larva is 350 µm long and 70 µm wide (vs 405-495 µm long and 15-18 µm wide in the present material). However, the width of the larva given by Janiszewska (1949) is evidently a mistake and, if so, the larval length might not be accurate. Since the host species and the parasites' location in the host are the same and both forms were collected from the Mediterranean region, the specimens of the present material are considered to belong to P. serranellicabrillae. Janiszewska (1949) mentioned that the gravid female of P. serranellicabrillae did not have any cephalic papillae. However, the present results of the SEM examination of this species show that the gravid female possesses 14 small papillae arranged in two circles, the same as found in some other Philometra spp. from fish gonads studied by SEM (Moravec et al. 1998, Moravec and Genc 2004) . Female cephalic papillae are generally considered important taxonomic features in philometrids (Rasheed 1963 , Moravec 2004 .
The general features of P. serranellicabrillae females are similar to those of most other species of Philometra parasitizing gonads of marine fishes, differing from them mainly in the body length and the length of the oesophagus (Moravec and Genc 2004) . The female morphology is rather uniform in this nematode group and conspecific males have not yet been discovered and described for 6 (including P. serranellicabrillae) of 14 species. Janiszewska (1949) found P. serranellicabrillae in 8 of 15 specimens of S. cabrilla (prevalence 53%) examined from the Adriatic Sea during the summer (July, August); it has not been recorded since. The present finding in waters off southern Corsica, representing the second record of this parasite, suggests its common occurrence in S. cabrilla and a rather wide distribution in the Mediterranean region. Species of Philometra parasitizing fish gonads may be highly pathogenic, causing serious damage to the fish ovaries, and may thus affect fish 116 Fig. 4 . Philometra serranellicabrillae Janiszewska, 1949 , SEM micrographs of gravid female: A and B -cephalic end, apical and lateral views; C -cephalic end of another specimen, apical view; D -region of amphid; E -cephalic end, sublateral view; F -cephalic papillae. Scale bars: A-E = 10 µm; F = 1 µm; a -amphid, b -pair of outer submedian cephalic papillae, c -inner submedian cephalic papilla, d -inner lateral cephalic papilla Three species of Philometra from marine fishes reproduction (Ramachandran 1975 , Sakaguchi et al. 1987 , Moravec et al. 2003 .
Philometra sp. (Fig. 5) Male (1 specimen): Body filiform, yellowish, 5.62 mm long, maximum width at middle 81, somewhat tapering towards both ends. Cuticle smooth. Cephalic end rounded. Mouth small, surrounded by indistinct cephalic papillae. Oesophagus 513 long (9% of body length), somewhat inflated at anterior end; posterior part of muscular oesophagus provided with well developed dorsal oesophageal gland with large cell nucleus at middle. Nerve ring and oesophageal nucleus 150 and 351, respectively, from anterior extremity. Posterior end of body blunt, with broad, U-shaped lobular mound and with one pair of preanal and two pairs of postanal very flat, hardly visible caudal papillae. Spicules slender, needle-like, equally long, with slightly expanded proximal and sharply pointed distal tips; length of spicules 198, representing 3.5% of body length. Gubernaculum narrow, 93 long, with approximately its proximal third somewhat dorsally bent; distal tip of gubernaculum sharply pointed, simple, without usual reflected dorsal barb. Length ratio of gubernaculum and spicules 1:2.13. Gubernaculum and spicules well sclerotized.
Subgravid female: Only numerous, very damaged short body fragments of several specimens available, including one anterior and one posterior end in poor condition. Body brownish, maximum width of about 165. Cephalic end rounded; cephalic papillae indistinct. Oesophagus dissected out from body 870 long, maximum width 120, with large oesophageal gland provided with large cell nucleus at middle, and with bulbously inflated anterior end; anterior bulb 126 long and 120 wide. Nerve ring 258 from anterior extremity. Uterus filled with numerous spherical eggs.
Host: Striped red mullet, Mullus surmuletus Linnaeus (Mullidae, Perciformes) (body length 19 and 27 cm).
Site of infection: Gonads. Locality: Bonifacio Strait Marine Reserve, near Pianottoli and Solenzara, off Corsica, France (June and July 2001).
Prevalence and intensity: 3% (2 fish infected/68 fish examined); 2 specimens per fish.
Deposition of voucher specimens: Muséum National d'Histoire Naturelle, Paris (cat. no. 297 HG).
Comments: Judging from the shape of the oesophagus (the presence of an anterior bulb) in female, the morphology of the male, and the location in the host, we tentatively consider these nematodes to belong to a group of Philometra spp. parasitizing the gonads of marine, mainly perciform fishes. According to Moravec and Genc (2004) , this group is represented by 14 species, of which five (P. filiformis, P. globiceps, P. lateolabracis, P. saltatrix, P. serranellicabrillae) have been reported from the Mediterranean region. The recently resurrected Philometra jordanoi (López-Neyra, 1951) (see Merella et al. 2005 ) is considered a junior synonym of P. lateolabracis by Moravec and Justine (2005) .
The morphology of the male of the present material, in particular the measurements of the spicules and gubernaculum, seems to be identical with that of P. lateolabracis, as described by Moravec and Genc (2004) and Moravec and Justine (2005) . However, males remain unknown for P. filiformis and P. serranellicabrillae and it cannot be excluded that the present nematodes belong to another, maybe undescribed species. Therefore, the species identification of these nematodes will require newly collected, well preserved specimens.
